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(54) APPARATUS FOR SINGLE CRYSTAL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for producing a single 
crystal with which the lowering of the oxygen concn, of the single crystal 
under pulling up is made possible, and further, the stable melting of the 
polycrystalline raw materials held in a crucible is made possible and which 
is low in cost and for which the installation space is suppressed to the 
possible min. extent. 

SOLUTION: A hollow cylindrical heating element 5 which coaxially encloses 
the crucible is provided with toric slits 6 approximately perpendicularly to 
the axial direction exclusive of at least two points of electrode parts along 
the hollow cylindrical straight barrel part thereof. This heating element 5 is 
divided to an upper heat generating section 5A and a lower heat generating 
section 5B. The respective upper and lower heat generating sections 5A, 
5B are provided with plural pieces of such perpendicular slits 7 which are 
approximately parallel with the axial direction and are alternated from both 
upper and lower directions. The pitches of the perpendicular slits 7 of the 
heating element 5 are respectively varied by the upper heat generating 
section 5A and the lower heat generating section 5B. The thickness or 
length of the hollow cylindrical barrel part of the heating element 5 is 
varied with the upper heat generating section 5A and the lower heat 
generating section 5B, respectively. 
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* NOTICES * 




JPO and NCZPI are not responsible for any 
damages caused by tbe use of tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The single cryst2d manufacturing installation characterized by preparing two or more perpendicular slits 
which divide this heating element into the up exoergic section and the lower exoergic section by preparing a slit in a 
circle in shaft orientations and an abbreviation right angle except for at least two polar zone in alignment with the 
hollow cylinder shaft drum section in the bell shape heating element by the resistance heating which surrounds crucible 
in same axle, and become more nearly alternate flian vertical both directions by shaft orientations and abbreviation 
parallel at the exoergic section of each of these upper and lower sides. 

[Claim 2] The perpendicular slit of said heating element is a single crystal manufacturing installation according to claim 
1 which is that from which the pitch differs by the up exoergic section and the lower exoergic section, respectively. 
[Claim 3] The single crystal manufacturing installation according to claim 1 or 2 which is that from which the thickness 
or die length of a hollow cylinder drum section of said heating element differs in the up exoergic section and the lower 
exoergic section, respectively. 

[Claim 4] claim 1 which has at least four polar zone in said lower exoergic section thru/or 3 — a single crystal 
manufacturing installation given in either. 

[Claim 5] Said heating element is a single crystal manufacturing installation according to claim 4 which has two lower 
exoergic section electrodes in a lower exoergic sections side other than two common electrodes common to the up 
exoergic section and the lower exoergic section, and this common electrode, and has the modification means of a 
current path which can respond, respectively when passing heating current to this lower exoergic section electrode and 
conmion inter-electrode [ said ], and when passing heating current among said common electrodes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the single crystal manufacturing installation which made it possible to 
dissolve in stability the polycrystal raw material held to crucible for the purpose of reducing the oxygen density of semi- 
conductor single crystals, such as silicon mainly manufactured by the Czochrlski method (CZ process). 
[0002] 

[Description of the Prior Art] As conventionally indicated by JP,4-305087,A The upper case section, The thickness of 
this upper case section of the heater 8 constituted by an inside step and three steps of lower-berth sections and an inside 
step is formed more thinly than the lower-berth section, this upper case section and the middle — the calorific value by 
flie resistance heating of the section — the lower-berth section — large — carrying out — this — the middle — there is a 
configuration with a peak of exoergic distribution for a while fi-om the oil level of this melting liquid 6 in the upper 
location by locating ttie oil level of melting liquid 6 below for a while rather than the center of the section. Moreover, a 
tank bottom heater 4 is arranged for the side heater 3 between cmcible 2 and heat insulating material 5 again at the 
lower part of crucible 2, and the configuration to which the output control of each heater 3 and 4 was carried out 
independently is known as indicated by JP,2- 192486, A. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the conventional example, in the case of the technical contents 
indicated by JP,4-305087,A, the thickness of the heater upper case section is partially written small so that the peak of 
exoergic distribution may be located in the upper part of a resistance heating heater, this part is remarkably eroded by 
SiC-izing and oxidation by the SiO dust generated fi*om a melt side, and the life of a heater will be shortened. Moreover, 
it had the trouble of leaving so much fimgoid, with the raw material upper part not dissolving when dissolving the 
polycrystal material as a raw material within quartz crucible, only the lower part dissolving, damaging quartz crucible 
when balance is lost and a fall fall is carried out, as this was the dissolution, and making single crystal manufacture 
impossible. Moreover, since equipment itself became large-scale, and the cost of a single crystal manufacturing 
installation went up and the power source and the temperature controller were also used 2 sets in order to use two 
independent heaters and the independent power source in the case of the technical contents indicated by JP,2- 192486, A, 
it had the trouble that an installation tooth space will also become large. 

[0004] It aims at offering the single crystal manufacturing installation which is the low cost which enabled it to have 
made this invention in view of the above-mentioned trouble, to make erosion by oxidation of the exoergic section 
mitigate, and to lengthen the life of the exoergic section, and to make low the oxygen density of the single crystal under 
raising, and made it possible to dissolve fiorther the polycrystal raw material held to crucible in stability, and stopped an 
installation tooth space to the minimimi. 
[0005] 

[Means for Solving the Problem] If it is in this invention in order to attain the purpose mentioned above In the bell 
shape heating element by the resistance heating which surrounds crucible in same axle This heating element is divided 
into the up exoergic section and the lower exoergic section by preparing a slit in a circle in shaft orientations and an 
abbreviation right angle except for at least two polar zone in alignment with the hollow cylinder shaft drum section. It is 
characterized by preparing two or more perpendicular slits which become more nearly alternate than vertical both 
directions by shaft orientations and abbreviation parallel at the exoergic section of each of these upper and lower sides. 
[0006] Moreover, the pitch shall change with the up exoergic section and lower exoergic sections, respectively, or the 
perpendicular slits of said heating element shall differ in the thickness or die length of a hollow cylinder drum section of 
said heating element in the up exoergic section and the lower exoergic section, respectively. Furthermore, it can also 
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consider as the configuration which ha^Heast four polar zone at said lower exo^^^ection. 

[0007] In addition, said heating elemen^sgood also as a configuration which has^^lower exoergic section electrodes 
in a lower exoergic sections side other than two common electrodes common to the up exoergic section and the lower 
exoergic section, and this conmion electrode, and has the modification means of a current path which can respond, 
respectively when passing heating current to this lower exoergic section electrode and conmion inter-electrode [ said ], 
and when passing heating current among said common electrodes. 

[0008] If it is in the single crystal manufacturing installation concerning this invention, 2 ****s is carried out by the slit 
in a circle, and the up exoergic section and the lower exoergic section which prepared the perpendicular slit, 
respectively are switched by the modification means of a current path, when making only the lower exoergic section 
heat, and when adding 4 times as much power as the lower exoergic section to the up exoergic section. At the time of 
the dissolution of the polycrystal raw material within crucible, the peak of exoergic temperatxire distribution is located to 
a crucible lower part side by making only the lower exoergic section heat by this, and a polycrystal raw material is 
dissolved in stability fix>m tiie bottom. Moreover, it is made to make it the peak of exoergic temperature distribution 
located in the crucible upper part at the time of single crystal growth, mainly using the up exoergic section, and 
manufacture of the semi-conductor single crystal of hypoxia concentration is enabled. 
[0009] 

[Embodiment of the Invention] Hereafter to explain the gestalt of operation of this invention with reference to a drawing 
drawing 1 In the explanatory view showing the condition of having been filled up with the polycrystal ingredient which 
is a raw material of a semi-conductor single crystal in crucibles, such as a quartz of the single crystal manufacturing 
installation which mainly manufactures semi-conductor single crystals, such as silicon, with the Czochrlski method (CZ 
process) The quartz crucible 3 is attached in the graphite crucible 2 which was supported with the crucible shaft 1 and 
installed in the Maine chamber, and it fills up with the polycrystal ingredient 4 in ttiis quartz crucible 3. 5 is a bell shape 
heating element by the resistance heating made to surround in same axle around both the crucibles 2 and 3, and as 
shown in drawing 2 , except for at least two polar zone (common electrode mentioned later) in alignment with the 
hollow cylinder shaft, the slit 6 in a circle is formed in shaft orientations and an abbreviation right angle, and it is taken 
as the configuration which divided this heating element 5 into up exoergic section 5 A and lower exoergic section 5B by 
this. 

[0010] Moreover, two or more perpendicular slits 7 which become more nearly alternate than vertical both directions by 
the shaft orientations and abbreviation parallel are formed in the exoergic sections 5 A and SB of each of this up lower 
part. And in order that this perpendicular slit 7 may change each electric resistance, that pitch shall change, respectively 
with up exoergic section 5 A and lower exoergic section 5B. Fxirthermore, in order to make the location of the peak of 
exoergic temperature distribution change in the time of the dissolution of a polycrystal ingredient and raising of single 
crystal manufacture between up exoergic section 5A and lower exoergic section 5B, the thickness or die length of a 
hollow cylinder drum section of a heating element 5 shall be different, respectively by up exoergic section 5 A and lower 
exoergic section 5B, and the calorific value based on the resistance heating is made to differ. 

[001 1] Two conmion electrodes 8A and 8B common to up exoergic section 5A and lower exoergic section 5B to said 
heating element 5, When the this common electrode 8A and lower exoergic section 5B side other than SB is equipped 
with two lower exoergic section electrodes 9A and 9B and heating current is passed to these lower exoergic section 
electrodes 9A and 9B, said common inter-electrode 8A, and 8B, When passing heating current between said common 
electrode 8A and 8B, the modification circuit 10 which constitutes the modification means of a current path which can 
respond, respectively is formed. As this modification circuit 10 is shown in drawing 3 , a gate turn-off thyristor shall 
specifically perform. By considering as the configuration to which Thyristors a and b were connected between lower 
exoergic section electrode 9A and 9B, and Thyristors c and d were connected between common electrode 8A and 8B 
The current path of said common electrodes 8 A and 8B as shown in the following table 1, and the lower exoergic 
section electrodes 9A and 9B was made to have divided and changed based on switch change-over actuation of the 
thyristors a, b, c, and d by the following table 2 at the time of the dissolution and raising. 15 is a power soxirce for 
heating element 5 heating. 
[0012] 
[Table 1] 
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[Table 2] 
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[0014] Namely, it sets at the time of the dissolution of the polycrystal ingredient P. Make it this potential (+E), and a 
current does not flow to up exoergic section 5 A, and does not make it heat the common electrodes 8 A and 8B. Set up so 
that only lower exoergic section 5B may be made to heat, and it sets at the time of raising of single crystal manufacture. 
The potential difference (2E) is established common electrode 8A, common electrode 8B, and in between, the lower 
exoergic section electrodes 9A and 9B are changed into an off condition, and up exoergic section 5 A and lower exoergic 
section 5B are set as the parallel connection condition. At this time, by the difference in the pitch of the thickness of said 
up exoergic section 5A and lower exoergic section 5B, the difference in die length, or the perpendicular slit 7 of up 
exoergic section 5A and lower exoergic section 5B etc. For example, if the electric resistance of up exoergic section 5 A 
is set up so that it may become smaller than the electric resistance of lower exoergic section SB, as for the peak of a 
large next door, consequently exoergic temperature distribution, the calorific value of up exoergic section 5A will be 
located in an upper part side rather than lower exoergic section 5B. 
[0015] 

[Example] A 1 50kW thing is used for the output of the power source 1 5 of up exoergic section 5 A and lower exoergic 
section 5B at the time of a 25mohm load. The outer diameter of up exoergic section 5A and lower exoergic section 5B 
which form said heating element 5 phi620mm. The die length of 260mm and lower exoergic section 5B for the die 
length of phi576mm and up exoergic section 5A 220mm, [ a bore ] Between the terminals between 20mm of breadths of 
the slit 6 in a circle, common electrode 8 A, and 8B, resistance 20mohm, 1/2 of up exoergic section 5 A and thickness of 
lower exoergic section 5B are set to one half of up exoergic section 5A for pitch spacing of the perpendicular slit 7 of 
resistance 25mohm and lower exoergic section 5B between the terminals between the common electrodes 8A and 8B 
and the lower exoergic section electrodes 9 A and 9B. When the electric resistance of lower exoergic section 5B was set 
up by 4 times the up exoergic section 5 A, as the calorific value of up exoergic section 5 A would be 4 times the lower 
exoergic section 5B and it was shown in the relation between the oxygen density of drawing 4 , and crystal-pulling die 
length, it was checked that the single crystal of hypoxia concentration is obtained. As a result of impressing the 
electrical potential difference of -28V between common electrode 8A and 8B between +28V and lower exoergic section 
electrode 9A and 9B at the time of the dissolution of the polycrystal ingredient 4 and making lower exoergic section 5B 
specifically consume 125kW, the polycrystal ingredient was able to be dissolved in stability, moreover ~ the time of 
raising — common electrode 8 A — +21 V — common — as a result of impressing the electrical potential difference of - 
21 V to electrode 8B and making up exoergic section 5 A consiraie 17kW to 71kW and lower exoergic section 5B, the 
semi-conductor single crystal was able to be pulled up to stability. At this time, the single crystal outer diameter which 
was able to pull up the 7Skg of the amounts of material charges was phi206mm, and weight was 68kg. 
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[0016] In addition, although various i^^ric valu^ are set up as mentioned abo>^^this invention is enabled to make 
low the oxygen density of the single c^wal under raising and it makes it possibletWissolve further the polycrystal 
ingredient 4 held to crucible in stability, of course in the gestalt of this operation, it is not limited to these numeric- 
values conditions. 
[0017] 

[Effect of the Invention] This invention is constituted as mentioned above, and especially, at the time of the polycrystal 
raw material dissolution within crucible, in order to make only the lower exoergic section heat, it makes it possible to 
dissolve gradually the polycrystal raw material held to crucible in stability from the bottom. Moreover, since big power 
joins the up exoergic section so that the peak of exoergic distribution may be located in the upper part, the inside of 
crystal pulling can make the oxygen density of a single crystal low, and can make erosion by oxidation of the exoergic 
section able to mitigate, and can lengthen the life of the exoergic section. Furthermore, it is low cost in equipment itself, 
and an installation tooth space can be stopped to the minimimi. 



[Translation done.] 
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DRAWINGS 




[Drawing 3] 
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